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(54) MULTI-PATH FADING SIMULATOR 

<57)Abstract: 

PURPOSE: To realize diversified multi-path fading 
simulation accurately and easily by providing an A/D 
converter, a digital signal processing section and a D/A 
converter to the simulator so as to analyze the multi- 
path fading by digital signal processing. 
CONSTITUTION: One channel is constituted of a mixer 
3, low pass filter 4, A/D converter 5, digital signal 
processor 6, D/A converter 7, low pass filter 8, mixer 9 
and band pass filter 10, and plural channels are provided 
as required, and the characteristic is controlled entirely 
by using the controller 2 to which the simulation 
condition is given from a condition setting device 1 1. 
Through the constitution above, a local signal from a 
local signal generator 1 is mixed with a processing signal 
by using the mixers 3,9 to implement frequency 
conversion, and the mixer 3 converts the signal into an 
intermediate frequency signal within a band of the 
converter 5, and the mixer 9 decodes conversely the 
signal into the original RF signal. Thus, the degree of 
freedom is expanded and the simulation is easily and accurately implemented. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A sign delay means to realize step delay of a transmitting sign, and the strange first 
with good phase and frequency and the second digital synthesizer, About each of two sign 
outputs from the above-mentioned sign delay means, the first real part and the second real part 
of the first imaginary part, A first and second coordinate transformation means to obtain the 
second imaginary part, respectively, and a first and second multiplication means to multiply the 
first real part of the above, and the first imaginary part by the cosine wave output of the first 
synthesizer of the above, and the sinusoidal output, respectively, While multiplying the output of 
a third and fourth multiplication means to multiply the second real part of the above, and the 
second imaginary part by the cosine wave output of the second synthesizer of the above, and 
the sinusoidal output, respectively, and the above-mentioned first and second multiplication 
means by the noise, respectively The first changed into an analog signal, the second DA 
translation means, and a third and fourth DA translation means to change into an analog signal 
while multiplying the above-mentioned third and fourth multiplication means by the above- 
mentioned noise and different noise, respectively, The phasing simulator possessing a first 
addition means to add each output of the third DA translation means for a start [ above- 
mentioned ], a second addition means to add each output of the above-mentioned second and 
fourth DA translation means, and the modulation means that carries out quadrature modulation 
of the output of the above-mentioned first addition means and the second addition means. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used in order to evaluate receiving engine performance, 
such as digital migration communication system, and receive Rayleigh scattering, a Doppler shift 
is received, or it relates phasing to the phasing simulator generated on real time in the signal of a 
carrier beam condition, and the same signal. 
[0002] 

[Description of the Prior Art] The conventional phasing simulator is shown in drawing 3 . In- 
phase signal I (t) and rectangular signal Q <t) is added to the quadrature modulation machine 11, 
and the modulation output is changed into the real part and imaginary part in the coordinate 
transformation machine 12 changed into rectangular coordinates from a polar -coordinate 
(division). The real part and imaginary part which were these-changed are supplied to DA 
converters 15 and 16 of a multiplication mold respectively through the digital low pass filters 13 
and 14, respectively. The output voltage of adjustable DC power supply 17 is impressed to the 
source of reference voltage of DA converters 15 and 16, and it is direct current voltage VA. It 
multiplies. 

[0003] The output of these DA converters 15 and 16 is supplied to multipliers 18 and 19, 
respectively. Frequency fA from a sine wave oscillator 21 While a subcarrier output is supplied to 
a multiplier 18 as it is, a multiplier 19 is supplied through a phase-shifting circuit 22 90 degrees. 
The output of these multipliers 18 and 19 is added with an adder 23, and it multiplies by the 
addition output, i.e., a quadrature modulation output, in a multiplier 24 with noise A (t) by which 
the noise from the random noise generator 25 was made suitable level with the attenuator 26. 
the signal with which this noise was imposed — an attenuator 27 — GA only — it decreases — 
having — that decreased output — the adjustable delay means 28 — tA only — while being 
delayed and supplying a multiplier 29, a multiplier 32 is supplied through a phase shifter 31. It is a 
frequency f1 from the sine oscillator 33. While a signal is supplied to a multiplier 29, a multiplier 
32 is supplied through a phase shifter 34 90 degrees. The output of multipliers 29 and 32 is 
added with an adder 35. 

[0004] On the other hand, the output of an adder 23 branches and is supplied also to a multiplier 
37 through the stationary-contact F side of a changeover switch 36. The noise from a noise 
generator 25 is given to the multiplier 37 as noise B (t) through the attenuator 38. the output of 
this multiplier 37 — an attenuator 39 — GB only — it decreases — having — further — that 
attenuation output — the adjustable delay means 41 — tB only — it is delayed and a multiplier 
42 is supplied. Frequency f2 While the output of the oscillator 43 which generates a sine wave is 
supplied to a multiplier 42, a multiplier 45 is supplied through a phase shifter 44 90 degrees, and 
as for the output of the delay means 41, a multiplier 45 is also supplied through the phase shifter 
46. Each output of multipliers 42 and 45 is added with an adder 47. each output of adders 35 and 
47 adds with an adder 48 — having — the addition output — an attenuator 49 — GC only — in 
response to attenuation, it is outputted to an output terminal 51. 

[0005] Moreover, in-phase signal I'<t) and rectangular signal Q'Xt) carry out quadrature 
modulation of the subcarrier in the quadrature modulation machine 52, in the coordinate 



transformation machine 53, the modulation output is changed into real part and imaginary part, 
and is taken out, and these real part and imaginary part are supplied to DA converters 56 and 57 
of a multiplication mold respectively through the digital low pass filters 54 and 55. In DA 
converters 56 and 57, it is an electrical potential difference VB from the adjustable power source 
58. It is impressed by the criteria power supply terminal, and is VB. It multiplies. Multipliers 59 
and 61 are supplied and each output of DA converters 56 and 57 is the frequency fB from an 
oscillator 62, respectively. While a subcarrier is supplied to a multiplier 59, a multiplier 61 is 
supplied through a phase shifter 63 90 degrees. The output of multipliers 59 and 61 is added with 
an adder 64, and the addition output is supplied to a multiplier 37 through the stationary-contact 
I side of a changeover switch 36. 

[0006] In the communication link between a mobile station, a fixed station, or a mobile station, a 
direct wave and a reflected wave are received simultaneously, and moreover, as for the reflected 
wave, level and a phase are changed, or two or more reflected waves are mainly received. For 
this reason, an input signal becomes that to which level and a phase were changed. Moreover, 
received frequency is changed by the so-called Doppler shift by the relative movement between 
a mobile station and a fixed station. For carrying out the simulation (phasing simulation) of these 
fluctuation condition, the changeover switch 36 is connected to the stationary-contact F side. 
The output signal acquired by the output terminal 51 at this time is expressed with a degree 
type. 

[0007] GC - [ — GA - A — (— t — ) - cos — l~ two — pi (fA+f1) -<t-tA) — + — theta — A 

— (— t — ) ~} - VA — + — GB - B — (— t — ) - cos — {— two — pi (fA+f2) - <t-tB) — + — 
theta — A — (— t — ) — } - VA — ] 

A (t) is Rayleigh scattering of the first path of an electric wave, and its B (t) is equivalent to 
Rayleigh scattering of the second path of an electric wave here. Moreover, the magnitude of 
attenuation GA and GB It is the magnitude of attenuation of the second path for a start, 
respectively. fA It is carrier frequency and is f1 and f2. It is a Doppler shift frequency in the 
second path for a start, respectively. Moreover, thetaA <t) is transmit information. Furthermore, 
they are tA and tB. It is the time lag of the second path for a start, respectively, therefore, the 
magnitude of attenuation of these each part or the amount tA of delay of the delay means 28 
and 41, and tB again — a frequency f1 and f2 etc. — making it change — various conditions — 
that is, a carrier beam condition can be actually simulated for phasing. 

[0008] For, simulating interference between adjacent channels on the other hand, a changeover 
switch 36 is connected to a stationary-contact I side. The output of the output terminal 51 in 
this condition is expressed with a degree type. 

GC - [ — GA - A — (— t — ) - cos — {— two — pi (fA+fl) - <t-tA) — + — theta — A — (— 
t — ) —J - VA — + — GB - B — (— t — ) - cos ~ {~ two — pi (fB+f2) - <t-tB) — + — theta 

— B — ( — t — ) — } - VB — ] 

It is thetaB here. <t) is the transmit information by the side of Channel B. fB It is the carrier 
frequency by the side of Channel B. In this case, it sets between adjacent channels and carrier 
frequency is fA+fl. fB+f2 It becomes interference of a between, and these time amount thru/or 
phases is acljusted by the delay means 28 and 41, and that frequency difference is f1, f2, fA, and 
fB. It is changed and level is GA and GB. It is changed. 
[0009] 

[Problem(s) to be Solved by the Invention] Although the adjustable delay means 28 and 41 are 

used in the former in order to change two path differences, they are this time delay tA and tB. It 

is difficult for a time delay to change according to temperature fluctuation, since the time delay 

of a line ******** cable is usually used for obtaining, and for delay distortion to arise with a 

frequency and to change a time delay with large range with still higher resolution. 

[0010] Moreover, since it is used, many the balanced modulators 18, 19, 24, 29, 32, 37, 42, 45, 59, 

and 61, i.e., the multipliers, of high frequency, and the phase shifter of much more RFs is used, 

the adjustment to a frequency is difficult. And two systems were used and the configuration was 

complicated. 

[0011] 

[Means for Solving the Problem] According to this invention, a transmitting sign is delayed from 



a sign delay means in step. The first real part, the first imaginary part and the second real part, 
and the second imaginary part about each sign of the two delay outputs The first, It is changed 
by the second coordinate operator stage. These first real part and the first imaginary part, 
respectively with the cosine wave output from the first digital synthesizer, and a sinusoidal 
output The first, It multiplies with the second multiplication means, and for a start [ these ], the 
output of the second multiplication means is changed into an analog signal, respectively while a 
noise is imposed by the second multiplication mold DA translation means for a start, on the 
other hand, the cosine wave output and the sinusoidal output from the second digital synthesizer 
multiply by the second real part and the second imaginary part with the third and fourth 
multiplication means, respectively — having — these third and fourth multiplication output — 
the third and fourth multiplication mold DA translation means — the above — things — it is 
changed into an analog signal while a noise multiplies. For a start, the output of the third DA 
translation means is added with the first addition means, the output of the second, third, and 
fourth DA translation means is added with the second addition means, and quadrature 
modulation of the output of the second addition means is carried out with a quadrature 
modulation means for a start [ these ]. 
[0012] 

[Example] The example of this invention is shown in drawin g 1 . Transmit information [ from the 
quadrature modulation machine 71 ] theta (t) is supplied to the sign delay means 72, and the sign 
unit, i.e., step-delay, is performed. As for the sign delay means 72, a shift register, a FIFO 
memory, etc. are used. Moreover, as a quadrature modulation machine 71, dividing of the clock 
for data generating from the clock generation machine 73 for data generating is carried out to 
one half with a counting-down circuit 74, counting of the dividing output is carried out with an 
address counter 75, the memory 76 for inphases and the memory 77 for a rectangular cross are 
read considering the enumerated data of the address counter 75 as the address, respectively, 
and in-phase signal I (t) and rectangular signal Q (t) is outputted. both [ these ] outputs supply a 
modulator 81 through changeover switches 78 and 79, respectively — having — subcarrier 
length — for example, a pai-fourth-Differential-QPSK modulation is carried out. Switches 78 and 
79 are changed when inputting the in-phase signal and the rectangular signal from the outside. 
[0013] the sign delay means 72 — respectively — a sign unit — things — delay was given or 
the signal with which the same delay was given is outputted. The output from a tap (shift stage) 
which is different when the sign delay means 72 is a shift register, or the output from the same 
tap (shift stage) is sign transmit information thetaA, respectively, (t) and thetaB It is taken out 
as (t) and the coordinate transformation means 82 and 83 are supplied. In the coordinate 
transformation means 82 and 83, conversion of a polar coordinate and rectangular coordinates is 
performed and, as for each input sign, real part and imaginary part are outputted, respectively. 
The real part and imaginary part from the coordinate transformation means 82 are supplied to 
multipliers 86 and 87 through the FIR form digital low pass filters 84 and 85 if needed, 
respectively. Moreover, the real part and imaginary part from the coordinate transformation 
means 83 are supplied to multipliers 91 and 92 through the FIR form digital low pass filters 88 
and 89 if needed, respectively. 

[0014] On the other hand, the digital synthesizers 93 and 94 are formed. The digital synthesizers 
93 and 94 are constituted, as it can change and a phase and a frequency are shown in drawing 2 
A, respectively. Namely, frequency fR from the flip-flop 95 of a toggle mold While was set to one 
half and the output of an adder 97 is latched to a latch circuit 96 with an output. An adder 97 is 
the output and the frequency data kf of a latch circuit 96. It adds. Moreover, the output of a 
latch circuit 96 is added in phase data ktheta and an adder circuit 98, and in a phase-shifting 
circuit 99, the phase of 0 times or the phase shift of 90 degrees is given, and the output is read 
to the sinusoidal memory 101, and is supplied as the address. It is latched to a latch circuit 103 
by the signal with which the level of each sample point of a sinusoidal form is memorized by the 
sinusoidal memory 101, and that digital sinusoidal signal by which reading appearance was carried 
out was latched to the latch circuit 102 by the latch command to a latch circuit 26, and the 
phase shifted about 180 degrees to this latch command. The output of a latch circuit 102 turns 
into a digital sine wave output, the output of a latch circuit 103 is Jatched to the latch and 



coincidence to a latch circuit 26 by the latch circuit 104, and a digital cosine wave output is 
obtained from a latch circuit 104. Frequency data kf Since accumulation is carried out every 
clock of frequency fR / 2, it is the frequency data kf. A frequency becomes high, so that it is 
large, and it is the frequency data kf. A frequency becomes low, so that it is small. What is 
necessary is just to change whether the most significant bit of the input data and the following 
bit are passed as it is, or what made what took the exclusive OR for them the most significant 
bit, and reversed the 2nd bit from the most significant is outputted as 2nd bit from the most 
significant, as shown in drawing 2 B since a phase-shifting circuit 99 is outputted as it is or a 
phase is shifted and outputted about 90 degrees. Thus, for a frequency, fR xkf/2L+1 and a phase 
theta are 2pixktheta/2L. A sinusoidal output and a cosine wave output are obtained. fR It is the 
frequency of the clock which drives a flip-flop 95. 

[0015] It returns to explanation of drawing 1 , frequency fl+fa is set up to a synthesizer 93, 
phase thetaa is set up, the cosine wave output cos {2pi(fl+fa) t+thetaa} is outputted by this, a 
multiplier 86 is supplied, and the sinusoidal output sin {2pKf1+fa) andt+thetaa} is outputted, and a 
multiplier 87 is supplied. On the other hand to a synthesizer 94, frequency fl+fb is set up, phase 
thetab is outputted, the cosine wave output cos {2pi(f1+fb) andt+thetab} is supplied to a 
multiplier 91, and the sinusoidal output sin {2pi(f1+fb) andt+thetab} is supplied to a multiplier 92. 
Each output of multipliers 86 and 87 is supplied to multiplication mold DA converter 105,106, 
respectively, and each output of multipliers 91 and 92 is supplied to multiplication mold DA 
converter 107,108, respectively. On the other hand, random noise is generated from the random 
noise generator 109, and after decreasing the noise with an attenuator 11 1 if needed, while being 
added in the direct current voltage and the adder circuit 1 1 3 from adjustable DC power supply 
112, supplying the output of the adder circuit 1 1 3 to each criteria power supply terminal of 
multiplication mold DA converter 105,106 as Rayleigh noise A(t) and multiplying by it with the 
input digital signal, the digital signal is changed into an analog signal. The noise from a noise 
generator 109 is similarly supplied to an adder 1 15 through an attenuator 1 14, the output direct 
current voltage of acjjustable DC power supply 116 is added, the output from an adder 1 15 is 
supplied to the criteria power supply terminal of multiplier DA converter 107,108 as Rayleigh 
noise B(t), and while multiplying to the input digital signal, the digital signal is changed by the 
analog signal. 

[0016] each output of DA converter 105,106 — respectively — an attenuator 1 17,1 18 — setting 
— respectively — every [ Ga ] — it decreases — having — moreover, each output from DA 
converter 107,108 — an attenuator 1 19,121 — setting — respectively — GB only — it 
decreases. The output of an attenuator 1 17,1 19 is added in an adder 122, and is supplied to a 
multiplier 123, and each output of an attenuator 118,121 is added with an adder* 124, and is 
supplied to a multiplier 125. 

10017] the signal from the reference signal generator 126 — frequency fR it is — while 
synthesizers 93 and 94 are supplied as a clock, respectively, dividing of the output is carried out 
to 1 for an integer by the counting-down circuit 127, while the clock generation machine 27 for 
data generating is supplied, it is supplied as a shift clock to the sign delay means 72, and each 
part is supplied as a clock for other digital processings. Furthermore, the output of the reference 
signal generator 126 is supplied to a phase locked loop (PLL) 128 as a reference signal. In the 
PLL128, it is carrier frequency f0-f1. A setting-out input is carried out. Frequency f0-f1 which 
synchronized with the reference signal Signal cos {2pi(fO-fD -t} is outputted, and while this is 
supplied to a multiplier 123 as a carrier signal, a multiplier 125 is supplied through a phase shifter 
129 90 degrees. The output of a multiplier 123,125 is added with an adder 131, and the addition 
output is decreased with an attenuator 1 32, and is outputted to an output terminal 1 33. The 
multiplier 123,125, the phase shifter 129, and the adder 131 constitute the quadrature modulation 
circuit 134. Moreover, it is the output carrier frequency of PLL128 f0-f1 What is carried out is 
the carrier frequency fO of the output signal of an output terminal 133. It is necessary to 
increase or to decrease, that is, — since a negative frequency cannot be generated in 
synthesizers 93 and 94 — f1 only — as a high frequency It is a core fO about the frequency of 
an output subcarrier [ in / by this / forward and the negative frequencies fa and fb can be freely 
chosen to it, and / the quadrature modulation circuit 13 ]. It can receive and only fa and tb-can 



change to forward and negative. 

[0018] In this configuration, a shift register is used for the sign delay means 72, and it is fd about 
that shift frequency. If it carries out and the shift stage where an output is taken out is set to na 
and nb, the sign information supplied to the coordinate transformation means 82 and 83 is 
thetaA, respectively, (t) =theta (t-na/fd) and thetaB It is set to (t) =theta (t-nb/fd). Therefore, 
the signal outputted with a terminal 133 is as follows. 

[0019] Gc- [2pi (fO+fa) and Ga-A(t) and cos {t+theta a+theta (t-na/fd)} +Gb-B (t), and cos {2pi 
(fO+fb) and t+theta b+theta (t-nb/fd)}] 

In the case of a phasing simulation, it is two modulation-codes [ the same shift stage in the sign 
election means 72 to ] thetaA. (t) and thetaB (t) is obtained or it is modulation-code thetaA. (t) 
and thetaB (t) shifts the amount of delay only in the condition of maintaining correlation. 
Rayleigh scattering over the path of two electric waves is given as A (t) and B <t), and a value 
with each Doppler shift respectively small as fa and fb in the first electric-wave path and second 
electric-wave path is given. The phase contrast of the two electric-wave paths is determined by 
setting-out phase thetaa in the digital synthesizers 93 and 94, and thetab, the Rayleigh noise is 
given by A (t) and B (t), and the magnitude of attenuation is changed by the attenuator 1 17,1 19. 
The time delay of the first electric-wave path is given by {(na/fd) -thetaa / 2pi (fO+fa)}, and the 
time lag of the second electric-wave path is given by {(nb/fd) -thetab / 2pi <f0+fb)}. The signal 
with which each part was controlled and the phasing effectiveness was given like the 
conventional technique can be acquired by doing in this way. 

[0020] Moreover, two signals thetaA which sets for the sign delay means 27 and is outputted 
more when acquiring the interference signal between adjacent channels (t) and thetaB In order 
that (t) may make the difference of the amount of delay size mutually at extent without 
correlation and may obtain the delta frequency between channels in the condition, a part of 
setting-out frequency fa and fb of synthesizers 93 and 94 is detached enough mutually. Also in 
this case, the simulation of the interference signal between adjacent channels can be carried out 
as usual. 

[0021] In ****, the simulation of multi-pass phasing and the interference simulation between 
other a large number channels can be performed by preparing two or more groups of the 
coordinate transformation means 82, filters 84 and 85, multipliers 86 and 87, DA converter 
105,106, an attenuator 111, an adder 113, an attenuator 117,118, and a power source 112. 
Moreover, in ****, although the phasing simulation about a pai-fourth-Oifferential-QPSK 
modulating signal was performed, the simulation of phasing to other communication modes or 
interference between acjjacent channels can also be performed by changing a modulator 71. 
[0022] 

[Effect of the Invention] In order to make in digital one using the difference of the delay 
[ according to / like / this invention / in / for the difference of two paths, or the difference of 
the signal path of acjjacent channel interference / the sign delay means 72 ] which stated above, 
the difference of the setting-out phase in frequency synthesizers 93 and 94, etc., Since the 
delay line is not used like before, it is not influenced by fluctuation of ambient temperature, and 
it reaches far and wide and it is [ it is stable to temperature or frequency change and ] possible 
continuous and to perform a transit delay simulation without distortion. Moreover, since 
processing of Rayleigh scattering or a Doppler shift is realized in digital one on the comparatively 
low frequency, the balanced modulator and phase shifter in a high frequency are good only only 
in the quadrature modulation circuit 134 in a tail end, and, therefore, the adjustment to a 
frequency is easy for them. 
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TECHNICAL FIELD 

[Industrial Application] This invention is used in order to evaluate receiving engine performance, 
such as digital migration communication system, and receive Rayleigh scattering, a Doppler shift 
is received, or it relates phasing to the phasing simulator generated on real time in the signal of a 
carrier beam condition, and the same signal. 
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PRIOR ART 

{Description of the Prior Art] The conventional phasing simulator is shown in drawin g 3 . In- 
phase signal I (t) and rectangular signal Q (t) is added to the quadrature modulation machine 11, 
and the modulation output is changed into the real part and imaginary part in the coordinate 
transformation machine 12 changed into rectangular coordinates from a polar coordinate 
(division). The real part and imaginary part which were these-changed are supplied to DA 
converters 15 and 16 of a multiplication mold respectively through the digital low pass filters 13 
and 14, respectively. The output voltage of adjustable DC power supply 17 is impressed to the 
source of reference voltage of DA converters 15 and 16, and it is direct current voltage VA. It 
multiplies. 

[0003] The output of these DA converters 15 and 16 is supplied to multipliers 18 and 19, 
respectively. Frequency fA from a sine wave oscillator 21 While a subcarrier output is supplied to 
a multiplier 18 as it is, a multiplier 19 is supplied through a phase-shifting circuit 22 90 degrees. 
The output of these multipliers 18 and 19 is added with an adder 23, and it multiplies by the 
addition output, i.e., a quadrature modulation output, in a multiplier 24 with noise A<t) by which 
the noise from the random noise generator 25 was made suitable level with the attenuator 26. 
the signal with which this noise was imposed — an attenuator 27 — GA only — it decreases - — 
having — that decreased output — the adjustable delay means 28 — tA only — while being 
delayed and supplying a multiplier 29, a multiplier 32 is supplied through a phase shifter 31. It is a 
frequency f1 from the sine oscillator 33. While a signal is supplied to a multiplier 29, a multiplier 
32 is supplied through a phase shifter 34 90 degrees. The output of multipliers 29 and 32 is 
added with an adder 35. 

[0004] On the other hand, the output of an adder 23 branches and is supplied also to a multiplier 
37 through the stationary-contact F side of a changeover switch 36. The noise from a noise 
generator 25 is given to the multiplier 37 as noise B (t) through the attenuator 38. the output of 
this multiplier 37 — an attenuator 39 — GB only — it decreases — having — further — that 
attenuation output — the adjustable delay means 41 — tB only — it is delayed and a multiplier 
42 is supplied. Frequency f2 While the output of the oscillator 43 which generates a sine wave is 
supplied to a multiplier 42, a multiplier 45 is supplied through a phase shifter 44 90 degrees, and 
as for the output of the delay means 41, a multiplier 45 is also supplied through the phase shifter 
46. Each output of multipliers 42 and 45 is added with an adder 47. each output of adders 35 and 
47 adds with an adder 48 — having — the addition output — an attenuator 49 — GC only — in 
response to attenuation, it is outputted to an output terminal 51. 

[0005] Moreover, in-phase signal F<t) and rectangular signal Q' (t) carry out quadrature 
modulation of the subcarrier in the quadrature modulation machine 52, in the coordinate 
transformation machine 53, the modulation output is changed into real part and imaginary part, 
and is taken out, and these real part and imaginary part are supplied to DA converters *56 and 57 
of a multiplication mold respectively through the digital low pass filters 54 and 55. In DA 
converters 56 and 57, it is an electrical potential difference VB from the adjustable power source 
58. It is impressed by the criteria power supply terminal, and is VB. It multiplies. Multipliers 59 
and 61 are supplied and each output of DA converters 56 and 57 is the frequency fB from an 
oscillator 62, respectively. While a subcarrier is supplied to a multiplier 59, a multiplier 61 is 



supplied through a phase shifter 63 90 degrees. The output of multipliers 59 and 61 is added with 
an adder 64, and the addition output is supplied to a multiplier 37 through the stationary-contact 
I side of a changeover switch 36. 

[0006] In the communication link between a mobile station, a fixed station, or a mobile station, a 
direct wave and a reflected wave are received simultaneously, and moreover, as for the reflected 
wave, level and a phase are changed, or two or more reflected waves are mainly received. For 
this reason, an input signal becomes that to which level and a phase were changed. Moreover, 
received frequency is changed by the so-called Doppler shift by the relative movement between 
a mobile station and a fixed station. For carrying out the simulation (phasing simulation) of these 
fluctuation condition, the changeover switch 36 is connected to the stationary-contact F side. 
The output signal acquired by the output terminal 51 at this time is expressed with a degree 
type. 

£0007] GC - [ — GA - A — (— t — ) - cos — {— two — pi <fA+f1) - (t-tA) — + — theta — A 

— (— t — ) — } - VA — + — GB - B — (— t — ) - cos — {— two — pi <fA+f2) - (t-tB) — + — 
theta — A — (— t — ) — } - VA — ] 

A (t) is Rayleigh scattering of the first path of an electric wave, and its B (t) is equivalent to 
Rayleigh scattering of the second path of an electric wave here. Moreover, the magnitude of 
attenuation GA and GB It is the magnitude of attenuation of the second path for a start, 
respectively. fA It is carrier frequency and is f1 and f2. It is a Doppler shift frequency in the 
second path for a start, respectively. Moreover, thetaA (t) is transmit information. Furthermore, 
they are tA and tB. It is the time lag of the second path for a start, respectively, therefore, the 
magnitude of attenuation of these each part or the amount tA of delay of the delay means 28 
and 41, and tB again — a frequency f1 and f2 etc. — making it change — various conditions — 
that is, a carrier beam condition can be actually simulated for phasing. 

[0008] For, simulating interference between adjacent channels on the other hand, a changeover 
switch 36 is connected to a stationary-contact I side. The output of the output terminal 51 in 
this condition is expressed with a degree type. 

GC - [ — GA - A — (— t — ) - cos — {— two — pi (fA+f1) - (t-tA) — + — theta — A — (— 
t — ) — } - VA — + — GB - B — (— t — ) - cos — {— two — pi <fB+f2) - <t-tB) — + — theta 

— B — (— t — ) — } - VB — ] 

It is thetaB here, (t) is the transmit information by the side of Channel B. fB It is the carrier 
frequency by the side of Channel B. In this case, it sets between adjacent channels and carrier 
frequency is f A+f 1 . fB+f2 It becomes interference of a between, and these time amount thru/or 
phases is acjjusted by the delay means 28 and 41, and that frequency difference is f1, f2, fA, and 
fB. It is changed and level is GA and GB. It is changed. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] In order to make in digital one using the difference of the delay 
[ according to / like / this invention / in / for the difference of two paths, or the difference of 
the signal path of acjjacent channel interference / the sign delay means 72 ] which stated above, 
the difference of the setting-out phase in frequency synthesizers 93 and 94, etc., Since the 
delay line is not used like before, it is not influenced by fluctuation of ambient temperature, and 
it reaches far and wide and it is [ it is stable to temperature or frequency change and ] possible 
continuous and to perform a transit delay simulation without distortion. Moreover, since 
processing of Rayleigh scattering or a Doppler shift is realized in digital one on the comparatively 
low frequency, the balanced modulator and phase shifter in a high frequency are good only only 
in the quadrature modulation circuit 134 in a tail end, and, therefore, the adjustment to a 
frequency is easy for them. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Although the adjustable delay means 28 and 41 are 
used in the former in order to change two path differences, they are this time delay tA and tB. It 
is difficult for a time delay to change according to temperature fluctuation, since the time delay 
of a line ******** cable is usually used for obtaining, and for delay distortion to arise with a 
frequency and to change a time delay with large range with still higher resolution. 
[0010] Moreover, since it is used, many the balanced modulators 18, 19, 24, 29, 32, 37, 42, 45, 59, 
and 61, i.e., the multipliers, of high frequency, and the phase shifter of much more RFs is used, 
the acjjustment to a frequency is difficult. And two systems were used and the configuration was 
complicated. 
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MEANS 



[Means for Solving the Problem] According to this invention, a transmitting sign is delayed from 
a sign delay means in step. The first real part, the first imaginary part and the second real part, 
and the second imaginary part about each sign of the two delay outputs The first, It is changed 
by the second coordinate operator stage. These first real part and the first imaginary part, 
respectively with the cosine wave output from the first digital synthesizer, and a sinusoidal 
output The first, It multiplies with the second multiplication means, and for a start [ these ], the 
output of the second multiplication means is changed into an analog signal, respectively while a 
noise is imposed by the second multiplication mold DA translation means for a start, on the 
other hand, the cosine wave output and the sinusoidal output from the second digital synthesizer 
multiply by the second real part and the second imaginary part with the third and fourth 
multiplication means, respectively — having — these third and fourth multiplication output — 
the third and fourth multiplication mold DA translation means — the above — things — it is 
changed into an analog signal while a noise multiplies. For a start, the output of the third DA 
translation means is added with the first addition means, the output of the second, third, and 
fourth DA translation means is added with the second addition means, and quadrature 
modulation of the output of the second addition means is carried* out with a quadrature 
modulation means for a start [ these ]. 
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EXAMPLE 

[Example] The example of this invention is shown in drawin g 1 . Transmit information [ from the 
quadrature modulation machine 71 ] theta (t) is supplied to the sign delay means 72, and the sign 
unit, i.e., step-delay, is performed. As for the sign delay means 72, a shift register, a FIFO 
memory, etc. are used. Moreover, as a quadrature modulation machine 71, dividing of the clock 
for data generating from the clock generation machine 73 for data generating is carried out to 
one half with a counting-down circuit 74, counting of the dividing output is carried out with an 
address counter 75, the memory 76 for inphases and the memory 77 for a rectangular cross are 
read considering the enumerated data of the address counter 75 as the address, respectively, 
and in-phase signal I (t) and rectangular signal Q (t) is outputted. both [ these ] outputs supply a 
modulator 81 through changeover switches 78 and 79, respectively — having — subcarrier 
length — for example, a pai-fourth-Differential-QPSK modulation is carried out. Switches 78 and 
79 are changed when inputting the in-phase signal and the rectangular signal from the outside. 
[0013] the sign delay means 72 — respectively — a sign unit — things — delay was given or 
the signal with which the same delay was given is outputted. The output from a tap (shift stage) 
which is different when the sign delay means 72 is a shift register, or the output from the same 
tap (shift stage) is sign transmit information thetaA, respectively. <t) and thetaB It is taken out 
as (t) and the coordinate transformation means 82 and 83 are supplied. In the coordinate 
transformation means 82 and 83, conversion of a polar coordinate and rectangular coordinates is 
performed and, as for each input sign, real part and imaginary part are outputted, respectively. 
The real part and imaginary part from the coordinate transformation means 82 are supplied to 
multipliers 86 and 87 through the FIR form digital low pass filters 84 and 85 if needed, 
respectively. Moreover, the real part and imaginary part from the coordinate transformation 
means 83 are supplied to multipliers 91 and 92 through the FIR form digital low pass filters 88 
and 89 if needed, respectively. 

[0014] On the other hand, the digital synthesizers 93 and 94 are formed. The digital synthesizers 
93 and 94 are constituted, as it can change and a phase and a frequency are shown in drawin g 2 
A. respectively. Namely, frequency fR from the flip-flop 95 of a toggle mold While was set to one 
half and the output of an adder 97 is latched to a latch circuit 96 with an output. An adder 97 is 
the output and the frequency data kf of a latch circuit 96. It adds. Moreover, the output of a 
latch circuit 96 is added in phase data ktheta and an adder circuit 98, and in a phase-shifting 
circuit 99, the phase of 0 times or the phase shift of 90 degrees is given, and the output is read 
to the sinusoidal memory 101, and is supplied as the address. It is latched to a latch circuit 103 
by the signal with which the level of each sample point of a sinusoidal form is memorized by the 
sinusoidal memory 101, and that digital sinusoidal signal by which reading appearance was carried 
out was latched to the latch circuit 102 by the latch command to a latch circuit 26, and the 
phase shifted about 180 degrees to this latch command. The output of a latch circuit 102 turns 
into a digital sine wave output, the output of a latch circuit 103 is latched to the latch and 
coincidence to a latch circuit 26 by the latch circuit 104, and a digital cosine wave output is 
obtained from a latch circuit 104. Frequency data kf Since accumulation is carried out every 
clock of frequency fR / 2, it is the frequency data kf. A frequency becomes high, so that it is 
large, and it is the frequency data kf. A frequency becomes low, so that it is small. What is 



necessary is just to change whether the most significant bit of the input data and the following 
bit are passed as it is, or what made what took the exclusive OR for them the most significant 
bit, and reversed the 2nd bit from the most significant is outputted as 2nd bit from the most 
significant, as shown in drawing 2 B since a phase-shifting circuit 99 is outputted as it is or a 
phase is shifted and outputted about 90 degrees. Thus, for a frequency, fR xkf/2L+1 and a phase 
theta are 2pixktheta/2L. A sinusoidal output and a cosine wave output are obtained. fR It is the 
frequency of the clock which drives a flip-flop 95. 

[0015] It returns to explanation of drawing 1 , frequency f1+fa is set up to a synthesizer 93, 
phase thetaa is set up, the cosine wave output cos (2pi(f1+fa) t+thetaa} is outputted by this, a 
multiplier 86 is supplied, and the sinusoidal output sin {2pr(fl+fa) andt+thetaa} is outputted, and a 
multiplier 87 is supplied. On the other hand to a synthesizer 94, frequency f1+fb is set up, phase 
thetab is outputted, the cosine wave output cos {2pi(f1+fb) andt+thetab} is supplied to a 
multiplier 91, and the sinusoidal output sin {2pi(fl+fb) andt+thetab} is supplied to a multiplier 92. 
Each output of multipliers 86 and 87 is supplied to multiplication mold DA converter 105,106, 
respectively, and each output of multipliers 91 and 92 is supplied to multiplication mold DA 
converter 107,108, respectively. On the other hand, random noise is generated from the random 
noise generator 109, and after decreasing the noise with an attenuator 111 if needed, while being 
added in the direct current voltage and the adder circuit 113 from adjustable DC power supply 
112, supplying the output of the adder circuit 1 13 to each criteria power supply terminal of 
multiplication mold DA converter 105,106 as Rayleigh noise A<t) and multiplying by it with the 
input digital signal, the digital signal is changed into an analog signal. The noise from a noise 
generator 109 is similarly supplied to an adder 1 15 through an attenuator 1 14, the output direct 
current voltage of adjustable DC power supply 1 1 6 is added, the output from an adder 1 1 5 is 
supplied to the criteria power supply terminal of multiplier DA converter 107,108 as Rayleigh 
noise B(t), and while multiplying to the input digital signal, the digital signal is changed by the 
analog signal. 

[0016] each output of DA converter 105,106 — respectively — an attenuator 1 17,1 18 — setting 
— respectively — every [ Ga ] — it decreases — having — moreover, each output from DA 
converter 107,108 — an attenuator 1 19,121 — setting — respectively — GB only — it 
decreases. The output of an attenuator 1 17,1 19 is added in an adder 122, and is supplied to a 
multiplier 123, and each output of an attenuator 118,121 is added with an adder 124, and is 
supplied to a multiplier 125. 

[0017] the signal from the reference signal generator 126 — frequency fR it is — while 
synthesizers 93 and 94 are supplied as a clock, respectively, dividing of the output is carried out 
to 1 for an integer by the counting-down circuit 127, while the clock generation machine 27 for 
data generating is supplied, it is supplied as a shift clock to the sign delay means 72, and each 
part is supplied as a clock for other digital processings. Furthermore, the output of the reference 
signal generator 126 is supplied to a phase locked loop (PLL) 128 as a reference signal. In the 
PLL128, it is carrier frequency f0-fl. A setting-out input is carried out. Frequency f0-fl which 
synchronized with the reference signal Signal cos (2pi(f0-fl) -t} is outputted, and while this is 
supplied to a multiplier 123 as a carrier signal, a multiplier 125 is supplied through a phase shifter 
129 90 degrees. The output of a multiplier 123,125 is added with an adder 131, and the addition 
output is decreased with an attenuator 1 32, and is outputted to an output terminal 1 33. The 
multiplier 123,125, the phase shifter 129, and the adder 131 constitute the quadrature modulation 
circuit 134. Moreover, it is the output carrier frequency of PLL128 f0-f1 What is carried out is 
the carrier frequency fO of the output signal of an output terminal 1 33. It is necessary to 
increase or to decrease, that is, — since a negative frequency cannot be generated in 
synthesizers 93 and 94 — f1 only — as a high frequency It is a core fO about the frequency of 
an output subcarrier [ in / by this / forward and the negative frequencies fa and fb can be freely 
chosen to it, and / the quadrature modulation circuit 13 ]. It can receive and only fa and fb can 
change to forward and negative. 

[0018] In this configuration, a shift register is used for the sign delay means 72, and it is fd about 
that shift frequency. If it carries out and the shift stage where an output is taken out is set to na 
and nb, the sign information supplied to the coordinate transformation means 82 and 83 is 



thetaA, respectively, (t) =theta <t-na/fd) and thetaB It is set to (t) =theta <t-nb/fd). Therefore, 
the signal outputted with a terminal 1 33 is as follows. 

[0019] Gc- [2pi (fO+fa) and Ga-A(t) and cos [t+theta a+theta <t-na/fd)} +Gb-B<t), and -cos {2pi 
(fl)+fb) and t+theta b+theta <t-nb/fd)}] 

In the case of a phasing simulation, it is two modulation-codes [ the same shift stage in the sign 
election means 72 to ] thetaA. <t) and thetaB (t) is obtained or it is modulation-code thetaA. (t) 
and thetaB (t) shifts the amount of delay only in the condition of maintaining correlation. 
Rayleigh scattering over the path of two electric waves is given as A (t) and B (t), and a value 
with each Doppler shift respectively small as fa and fb in the first electric-wave path and second 
electric-wave path is given. The phase contrast of the two electric-wave paths is determined by 
setting-out phase thetaa in the digital synthesizers 93 and 94, and thetab, the Rayleigh noise is 
given by A (t) and B (t), and the magnitude of attenuation is changed by the attenuator 1 17,1 19. 
The time delay of the first electric-wave path is given by {(na/fd) -thetaa / 2pi <f0+fa)}, and the 
time lag of the second electric-wave path is given by {(nb/fd) -thetab / 2pi (fO+fb)}. The signal 
with which each part was controlled and the phasing effectiveness was given like the 
conventional technique can be acquired by doing in this way. 

[0020] Moreover, two signals thetaA which sets for the sign delay means 27 and is outputted 
more when acquiring the interference signal between adjacent channels (t) and thetaB In order 
that (t) may make the difference of the amount of delay size mutually at extent without 
correlation and may obtain the delta frequency between channels in the condition, a part of 
setting-out frequency fa and fb of synthesizers 93 and 94 is detached enough mutually. Also in 
this case, the simulation of the interference signal between adjacent channels can be carried out 
as usual. 

[0021] In ***♦, the simulation of multi-pass phasing and the interference simulation between 
other a large number channels can be performed by preparing two or more groups of the 
coordinate transformation means 82, filters 84 and 85, multipliers 86 and 87, DA converter 
105,106, an attenuator 111, an adder 113. an attenuator 117,118, and a power source 112. 
Moreover, in ****, although the phasing simulation about a pai-fourth-Differential-QPSK 
modulating signal was performed, the simulation of phasing to other communication modes or 
interference between adjacent channels can also be performed by changing a modulator 71. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] The block diagram showing the example of this invention. 

[Drawing 2] The block diagram in which A shows the example of a digital synthesizer, and B are 

the block diagrams showing the phase-shifting circuit 99. 

[ Drawin g 3] The block diagram showing the conventional phasing simulator. 
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